Objectives: To examine the association between body mass index (BMI) and overuse injuries (OI) among Israel Defense Forces soldiers, in different corps. Methods: Conscripts between 2003 and 2012, infantry, armored corps and intelligence corps (controls) were studied. OI data were taken from computerized patient records. The BMI was classified as underweight, lownormal (18.5-21.9), high-normal (22-24.9), overweight and obese. Multivariate analysis was performed using logistic regression. Results: There were 73,640 soldiers: 42,506 infantry, 20,781 armor and 10,353 intelligence. OI rates were 52.2, 51.6 and 27%, respectively. OI rate was directly proportional to BMI in all groups (relative risk compared to low-normal, underweight: 0.97, high-normal: 1.05, overweight: 1.11, obese: 1.19, p < 0.05 for all), increased height and younger age. By logistic regression, OI were significantly associated with training group, higher BMI, increased height, younger age, lower education, lower socioeconomic status and lower psychotechnical grading. Throughout the BMI range, each additional unit of BMI was associated with a 2% OI increase. Conclusions: Higher BMI was associated with a higher rate of OI in all groups. Therefore there is no point in differentially assigning recruits based on BMI.
Introduction
Overuse injuries (OI) are defined as injuries caused by repetitive, submaximal loading of the musculoskeletal system, when there is insufficient rest for recovery and adaptation of the tissues [1] . OI are a major cause for loss of training days [2] [3] [4] and medical attrition among combatants [5] . Beyond the personal effect on the soldier, their consequences have high economic costs and may even compromise the army's preparedness for combat [4, 6, 7] . Identifying risk factors for these injuries could be important in reducing their incidence if interventions are applicable [6] . In certain constellations, a particularly high risk ratio might justify disqualifying certain candidates from certain training programs. Various risk factors for OI have been found, including older age, smoking, poor aerobic endurance, low muscular strength and high fat percentages, but many of the reports are contradictory [6, [8] [9] [10] .
Physiologically, the body can be divided into 2-4 compartments. The simplest model includes fat and lean body mass [11] . While some fat is necessary as an energy store, it does not contribute to physical activity. Excess fat increases the load on all other tissues [12] , beyond the well-known deleterious effect of excessive weight/fat on many physiological systems in the body [13] [14] [15] [16] [17] [18] [19] [20] [21] . Furthermore, children with obesity may be at higher risk of injury as passengers in motor vehicle crashes [22] . While the body mass index (BMI) has some limitations, it is accepted as a reliable and simple measure for evaluating overweight in large populations and is used internationally [23, 24] . Associations between BMI and injuries have been reported, but the data are inconclusive. In the Canadian population, the BMI was associated with injuries in women, but not in men [25] . In a review of the literature on injury risk factors for US military combat training, mixed evidence was found regarding the association between BMI and injuries in males [6] . Data from conscripts in the Finnish army show a U-shaped curve with more injuries in the underweight and overweight groups [24] . However, no such association was found in the Greek army, which also has conscription [8] . Other studies showed that evidence of injury risk factors found in one army are not necessarily relevant to other armies. This is because of differences in populations between armies, training programs and in databases [8, 9, [26] [27] [28] .
The Israel Defense Forces (IDF) have characteristics that may affect the association between BMI and OI. The proportion of overweight and obesity among IDF conscripts is 12.4 and 4%, respectively [26] , compared with 47 and 13% among US army soldiers [27] . Other differences between these two armies are the average age of soldiers, 20.1 years in the IDF [29] and 27.1 years in the US army [28] , and the fact that the IDF has conscripts and the US army enlists volunteers.
OI are common among IDF combatants. Among the 3.4% who drop out due to medical problems, 43% are for orthopedic reasons, 90% of which were defined as OI. Common sites of OI are the lower back (27%), the ankle and foot (23%), and the knee (21.5%) [7] . The basic training of an infantry soldier in the IDF lasts 3 months, compared with 2 months in armored corps (including artillery). The nature of training and operational activity in the infantry is characterized by long marches carrying heavy equipment, as opposed to more vehiclemounted activity and the lifting of ammunition in armor [7] .
The relationship between BMI and OI in the IDF has not yet been examined, nor has there been a comparison between different corps with varying physical requirements. Based on the higher training demands in infantry, it is axiom that there are more injuries in infantry, at least during the training phase. To decrease injury and attrition rates, recruits profiled with a mild medical condition are assigned to armor units and not to infantry. Our hypothesis was that increased BMI would be related to a higher OI rate in the infantry, compared with armor soldiers. If this was found to be true, it might make sense to add BMI to the profiling system so as to preferentially assign recruits with a high BMI to non-infantry units, aimed at potentially reducing injury rates. This study examined the connection between BMI and OI among IDF combat soldiers, in different corps.
Methods
Data were collected from the IDF Computerized Patient Record (CPR) and from the IDF general manpower database.
Population
Inclusion criteria were males, aged 18-25 years, inducted from January 1, 2003, to December 31, 2012, for 3 years of compulsory military service (this was reduced to 32 months in July 2015; the starting date was after the CPR had become operational in all relevant units). This population includes mainly Jews and 2-3% citizens in minorities (Druse, Cherkess and others). The Jewish male soldiers in the IDF represent about 70% of the male Jewish citizens of conscript age. Ultraorthodox Jews (13%) are exempt due to their religion. The remaining 17% of the Jews are exempt for medical and psychosocial reasons. Arab Moslems (about 21% of Israeli citizens at conscript age) are also exempt. IDF combat training units were classified into infantry (INFAN) and armor (ARMOR). Soldiers were included in a group if they were assigned to one of these corps training units for at least 2 weeks. Soldiers were excluded if they were assigned to special forces or elite infantry (these units have a physical sorting process which can cause a problem of overmotivation), combat engineering (not clearly classified as infantry or armor) and mixed gender units (the level of physical training is adjusted to a level appropriate for women). As this study focused on IDF conscripts, generally known to have a high level of utilizing medical services [29] , a further control group of intelligence (INTEL) soldiers was analyzed. As a big data study, the diagnosis of OI is based on the diagnoses coded by the examining physicians, and these diagnosis codes are included in the diagnostic algorithm. There is obviously some overlap between actual OI and musculoskeletal complaints that might not be related to overuse. The importance of this control group, not subjected to significant training that might be labeled overuse, is that is gives an idea regarding the magnitude of the diagnoses not actually related to overuse.
Training
In INFAN, the physically demanding training with running and marches includes 3 months basic training and 4 months advanced training. The physical aspects of the training include marches, open area training and formal physical training sessions. The marches are once every 1 or 2 weeks, increasing in length gradually over the 7 months from 3 km to about 70 km with recruits carrying up to 40% bodyweight. Open area storming includes several weeks throughout the 7 months, training as singles, links, squads, platoons and eventually companies (each level repeated as many times as necessary to get it correct without firing, and then with live fire). Formal physical training sessions (3 times a week, 75 min each) include running and physical training for strength and flexibility. In ARMOR, the physically demanding training with running and marches lasts for 2 months, followed by 5 months of task-related training. During the 7 months they perform 2 weekly 75-min sessions of running and physical training for strength and flexibility. INTEL are non-combat soldiers who do a basic training for about 3 weeks with very limited physical demands. There are no differences between the training programs for subjects based on their body weight or BMI. In ARMOR during the task-related training, soldiers with lower physical ability (based on their running score, medical limitation or absenteeism) train separately to improve their success at the final physical fitness score. In both INFAN and ARMOR, soldiers failing the final fitness tests might be detained in the basic training base for further physical training until they succeed. Based on the directives of the IDF Combat Fitness Department, there were no significant changes to the training programs during the period included in the study.
Data Collection
At the age of 17, service-eligible Israeli citizens are called up for a medical examination to assess their suitability for military service. The examination includes weight (to the nearest kilogram) and height (to the nearest centimeter) measured by trained medics on a beam balance and stadiometer with each participant barefoot and wearing underwear only. A recent IDF study compared the height and weight at induction to the recruitment office measurements [30] . The mean time between measurements was 577 days (range 474-731). Well-known increases in all parameters were reported (height 1.6 cm, weight 2.7 kg, BMI 0.97) but 97.4% of those categorized as normal BMI during the first encounter were normal at induction. Data regarding age, psychotechnical grading, socioeconomic status based on residential location and other factors, education and country of origin were recorded.
OI Definition
A soldier was defined as injured based on a modification of the standard IDF OI algorithm which is based on the CPR (Fig. 1 ). Diagnoses in the CPR are entered by primary physicians, specialists and physiotherapists. According to the modified algorithm, a soldier is classified as injured if he fulfills at least 1 of 3 criteria:
(a) Medical board decision profiling the soldier, based on a list of profiles related to OI, severe enough to prevent combat training. An IDF medical board includes military physicians with extra training on the IDF medical classification system, and it bases its decisions on recommendations from specialists who have examined the soldier. The profiles include a code given to a diagnosis (or group of diagnoses) and a severity level which corresponds to the soldier's potential for military service (infantry, non-infantry combat, non-combat, not suitable for any military service). Both permanent and temporary codes were counted. An example of the codes for back diagnosis has been published [31] .
(b) A relevant diagnosis in the CPR with duty limitation. All 7,165 possible diagnoses in the CPR were reviewed, and 357 diagnoses related to OI were included. These were mainly diagnoses related to the extremities and musculoskeletal torso, excluding traumatic injuries such as fractures. During the same medical encounter, the soldier had to be prescribed duty restriction: 3 days or more of complete rest, or 5 days or more of relevant exemption (e.g., limited weight carrying for an ankle sprain).
(c) The soldier had an operation or another procedure relevant to an OI.
Research Variables
Independent variables were age, height, BMI (weight in kilograms divided by height in meters squared). The BMI was classified according to a modification of the World Health Organization subgroups: BMI < 18.5 (underweight), 18.5 ≤ BMI < 22 (low-normal BMI; reference), 22 ≤ BMI < 25 (high-normal BMI), 25 ≤ BMI < 30 (overweight) and BMI ≥30 (obese). The subdivision of the normal range was made given its broad range and previous evidence showing that cardiovascular and other morbidity and mortality increase within the upper normal BMI range [15-18, 23, 24] . Psychotechnical grading was graded from 10 to 90, in intervals of 10. Socioeconomic status was defined from level 1 to 10 and grouped: 1-3 low, 4-7 middle (reference) and 8-10 high, based on the Israel Central Bureau of Statistics, mainly according to residential location [32] . Education was divided into 3 groups: 12 years of schooling (reference), under 12 and above 12. Types of training were INFAN, ARMOR and INTEL (reference for comparing INFAN and ARMOR).
Dependent variables of OI were divided into 9 subgroups by region: neck, shoulder, upper limb, back, hip and pelvis, knee, shin, foot and ankle, and other.
Data Analysis
Analyses were based on the number of soldiers coded for a given injury. As a soldier can have more than one injury, the total injury rate is not the arithmetical sum of the subgroups. The statistical analysis was performed using SAS (version 9.4, SAS Institute Inc., Cary, NC, USA). Statistical significance was set at p < 0.05. Univariate analysis was performed using the χ 2 test, the Cochran-Armitage test for trend and ANOVA with Duncan's post hoc test for comparing group effects. Multivariate analysis was performed using logistic regression both using BMI as an interval variable and comparing the abnormal groups to the low-normal (each analysis separately). All statistical tests were two-tailed.
Results
Based on the inclusion criteria, we found 73,640 soldiers: 42,506 INFAN, 20,781 ARMOR and 10,353 INTEL. The average age (standard deviation) of the study population at induction was 18.9 years (1.1), the BMI was 21.6 (4.3), psychotechnical grading 57.4 (19.0) and socioeconomic status 5.9 (1.7). Demographic data by training group are presented in Table 1 . The overall rate of OI during 3 years of military service was 48.5% (INFAN: 52.2%, ARMOR: 51.6% and INTEL: 27.0%), the OI rate was inversely proportional to age (Fig. 2) . Soldiers who enlisted at the age of 18 had the highest rate of injuries, with less in the 19-yearolds, followed by the 20-year-olds and the ones aged 21+ with the lowest rate. These were the relations in all groups with exception of ARMOR, where the injury rate in the 19-year-olds was slightly higher than in the 18-year-olds.
The OI rate was directly proportional to BMI in all training groups (p < 0.0001, Fig. 3 ). Univariate comparisons of the relative risk in the underweight, high-normal, overweight and obese groups compared to the low-normal weight group broken down by training groups are presented in Table 2 . By logistic regression with BMI as an interval variable, we found that throughout the BMI range, each additional unit of BMI was associated with a 2% increase in OI. than the low-normal BMI recruits did. Older age at induction was significantly associated with a lower rate of OI. Height, psychotechnical grading and socioeconomic status had minimal effects albeit statistically significant as did all other variables in the model at the p < 0.0001 level. When grouped according to type of training, a significant association was found between overweight and obesity and OI in all three groups, and between high-normal and OI in INFAN and INTEL. Older age at induction was significantly associated with a lower rate of OI in all groups. When broken down by body region, the main regions with OI were the back (16.5%), knee (15.4%), and foot and ankle (13.4%). In these regions, OI were associated with higher BMI. Contrarily, OI in the shin were associated with lower BMI. The main multivariate model results according to training group for the different body regions are summarized in Table 3 .
We found a limited positive correlation between date of induction and BMI (Pearson, R = 0.07, p < 0.001, i.e. increasing BMI over time), but a negative relationship between date of induction and OI (t test, p < 0.001, i.e. the injured had been inducted just over 6 months later). As these findings seemed to contradict themselves, these variables were not included in the multivariate model.
Discussion
While the final goal in identifying risk factors for injury is prevention, this may be achieved by 1 of 3 intermediates: (a) finding causes that can be modified; (b) finding unmodifiable causes that might justify disqualifying someone from participation in a program with ↑ indicates that in this training type and BMI group there was a significantly higher rate of injuries than in the normal BMI (R, reference) group, for the injury type (top row). ↓ indicates that in this training type and BMI group there was a significantly lower rate of injuries than in the normal BMI group. As a soldier could have more than one injury, the total injury rate (right column) is not the arithmetical sum of the subgroups (top row for each training type). risk; (c) adding to the body of scientific knowledge on the risk factor or the injury. While we would like to think obesity is modifiable it is unlikely that such modifications would be relevant for OI prevention in conscripts. The purpose of our study was to compare OI rates in INFAN versus ARMOR under the hypothesis that the more strenuous training and service in INFAN might put subjects with obesity at an unreasonable risk. This might result in a recommendation to preferentially assign recruits with obesity to ARMOR (as is done for recruits with many mild medical problems). Our data clearly support not doing this. Current IDF criteria for exclusion from combat units for overweight are based on a BMI of around 36. Data from this study do not support this cutoff point based on OI. Other parameters in the group with obesity, including manpower availability and attrition should also be taken into account, but they were beyond the scope of this study. If other armies found similar results to those we have presented, they might also consider modifying their weight standards. But the US Army has failed to meet its recruiting quota for several years now. As a result, enlistment criteria have been slackened, and recruits do not need to meet the US Army weight standards at induction, but they have 180 days to do so. Under these circumstances, the low increased risk ratios for OI found in this study would probably not justify a change of policy.
Obesity is clearly detrimental to many aspects of health [13, 14] and is increasing [33] . In this study, we demonstrated that there was a direct and highly statistically significant correlation between the modified classical BMI grouping (underweight, low-normal, high-normal, overweight and obese) and OI among a large cohort of IDF conscripts. Previous studies on other populations have been somewhat inconclusive.
A possible explanation for the higher OI rate in overweight subjects might be some predisposition to both obesity and to injury. Examples of feasible intermediaries that might predispose for both could be developmental coordination disorder [34] , attention deficit disorder [35] and lower education levels as found both in German conscripts and in the Finnish study (lower education was related to high obesity levels and more injury) [24, 36] . Our multivariate analysis corrects for education. It is also possible that because of the prejudice in society against overweight people it may predispose military staff to have negative associations with overweight recruits and lead to their higher failure rates, associated with injuries.
Our reported rates of OI (52% in combatants, 27% in controls) might seem high. In fact, as the controls did next to no physical activity as part of their military duties, and only a very small proportion of the non-combat soldiers are physically active enough in their spare time to get injured, the diagnoses captured by the algorithm must include musculoskeletal complaints not necessarily related to overuse. The previous IDF algorithm had even wider inclusion criteria. It included referral to an orthopedic surgeon, to a physiotherapist or for relevant imaging or a prescription for an orthotic device. These criteria did not necessitate activity restriction. Applying this wider algorithm to our population produced an OI rate for combatants of 83.5%. Using the present algorithm ( Fig. 1 ) our 52% OI rate in 3 years of combatant military training and service seems reasonable, and certainly compares well with the US military 62% during 1 year of duty [37] and Finnish data of 51% (78% including acute injuries) in 180 days of training [9] . From our database, it is not possible to differentiate acute injuries from OI as the Finnish did in their prospective study, even though they included sprains and dislocations etc. among acute injuries whereas in this and most other IDF studies these were included as OI but fractures were excluded (acute fractures account for less than 2% of IDF injuries) [38] . Our data also seem in line with the results from Kaufman's review of 6-12% OI per month [39] .
Many of the so-called injuries in these studies are "pain injuries." But if the pain brought the soldier to the physician, and the physician prescribed duty limitations (which are our main inclusion criterion for injury), it is relevant for both military and general epidemiological health aspects. Subjects with obesity may be more prone to pain, although the relationship between the 2 conditions is not clear [40, 41] . On the other hand, if overweight patients seeking more medical attention for pain receive a recommendation to refrain from activity, this may even be a mechanism by which the medical profession is inadvertently hindering the efforts to increase personal activity. The similar pattern of OI in the control group may support the generalizability of this concept.
The relationship we found between injuries and BMI groups was linear ( Fig. 4) and not a U-shaped curve as described by Taanila et al. [24] in Finland and others. Underweight, based on BMI, could represent muscle depletion. Muscle tissue not only helps to cope with loads but is a protective factor against injuries [10] . The BMI therefore constitutes a problematic indicator in this respect [42] . A new initiative in the IDF is for units that allocate carried weight based on body weight to base the carried weight allocation on lean body mass to try to prevent injuries [43] .
Division of OI by regions of the body shows that most injuries were to the back and lower extremities, as could be expected and has been reported frequently [9, 38] , but different from the Finnish data [24] . The BMI seems to affect areas of the body differently. In the knee, foot and ankle, a high BMI was associated with a high rate of OI. These associations may be due to a long torque arm that the body mass has on the lower extremities. However, the shin, which is anatomically between these regions, did not have such associations, as Knapik et al. [44] found. Milgrom et al. [45] found tibia stress fractures in IDF elite infantry recruits to be related to low tibia length and width, these not being affected by weight in their cohorts [46] . The difference may be due to the fact that the shin is not an articular region, and therefore the forces acting on it have a different effect than on the joint areas. Injuries of the shin are also dependent on running, and recruits with higher BMI may have less ability to run. Furthermore, the back, which is also an articular region, was significantly affected by BMI, even though it is close to the center of mass and has a shorter torque arm on it compared to the lower extremities. Our data also support the recommendation of Twig et al. [18] to divide the normal BMI group into 2 (low-normal less than 22 and high-normal ≥22).
The limitations of this study are its retrospective nature, the lack of covariates, the known problems using BMI to represent the level of obesity/adiposity, and the time between the measurement of height and weight and induction. Furthermore, since this study was initiated, data on Hellenic Army Academy cadets demonstrated that body fat percentage values are more sensitive indicators for musculoskeletal injuries than BMI [47] . Serious problems arise from using clinical coding used for treating patient complaints to study epidemiology. This is more so with musculoskeletal complaints where there is overlap between possible injuries and complaints not necessarily related to activity, or possibly related to inactivity in intelligence soldiers sitting many hours in front of computer screens. This is further complicated by the high rate of "other" for the OI region. The latter is, in fact, related directly to the ability of the physician to encode the diagnosis: "Pain in limb" (ICD-9 -729.5). While we have no concrete data on other health care systems, it would seem that this problem is not unique to the IDF ("Pain in unspecified limb" is a valid ICD-10 code -M79.609). This diagnosis should probably be removed from the list of diagnoses available to clinicians, forcing them to be more explicit. It is debatable whether ankle sprains and shoulder dislocations should be classified as OI. Our rationale was that these injuries are preventable by appropriate training, and therefore we included them as OI. A further limitation is that the IDF medical criteria for inclusion in the control group (intelligence) are different from those of combat soldiers, including more comorbidities we could not correct for. While it may be possible to extrapolate from our data to other military populations,
